Purified teichoic acids and extracts with group-specific activity have been examined with specific antisera for a number of lactobacilli. The wall teichoic acids from groups D and E lactobacilli have been identified as the group-specific substances, whereas in group A the intracellular teichoic acid showed group-specificity. It is possible that group-specificity is associated with intracellular teichoic acid in group F.
INTRODUCTION
The teichoic acids are widely distributed in Gram-positive bacteria (Armstrong et al. 1958 (Armstrong et al. , 1959 ; Baddiley, 1961) . Investigation of these polymers in Lactobacillus spp. and Staphylococcus spp. indicated that their presence within the cell wall of an organism was of taxonomic significance and could be correlated with serological behaviour (Baddiley & Davison, 1961 ; Davison & Baddiley, 1963) . In staphylococci, ribitol teichoic acid containing /l-glucosaminyl residues from walls of Staphylococcus aureus (Baddiley, Buchanan, RajBhandary & Sanderson, 1962 a ; Baddiley, Buchanan, Martin & RajBhandary, 1962 b) is serologically indistinguishable from the group-specific precipitinogen, polysaccharide A, of this organism (Haukenes, Ellwood, Baddiley & Oeding, 1961;  Haukenes, 1962) , and glycerol teichoic acid containing glucosyl residues from walls of S . saprophyticus (Davison & Baddiley, 1963) is the group-specific precipitinogen, polysaccharide B, of S. albus (Morse, 1963) . Moreover, the intracellular glycerol teichoic acid of group D streptococci is the group antigen, and slight differences in behaviour of antigen preparations from different strains in group D have been related to differences in chemical structure (Wicken, Elliott & Baddiley, 1963) .
In Lactobacillus spp. ribitol teichoic acid from walls of a strain of L. plantarum 17-5 contains both unsubstituted ribitol phosphate units and some to which one or two a-glucosyl residues are attached (Archibald, Baddiley & Buchanan, 1961) , whereas in the intracellular teichoic acid from this organism and from a strain of L. casei var. rhamnosus only a small proportion of the glycerol phosphate moieties are substituted with glucose (Kelemen & Baddiley, 1961 ; Critchley, Archibald & Baddiley, 1962) .
Although walls of many species of lactobacilli possess teichoic acids (Ikawa & Snell, 1960; Baddiley & Davison, 1961) , those of groups B, C, F and G contain no teichoic acid, and it is of interest that Knox (1963) has recently shown that the 0.85 yo sodium chloride solution, the cell-wall and cytoplasmic-gel fractions isoIated as previously described (Davison & Baddiley, 1963) and residual cell cytoplasm from the group A species (Lactobacillus helveticus and L.jugurti) was preserved by freeze-drying.
The chemical composition of teichoic acids isolated by extraction with cold 10% (w/v) trichloroacetic acid solution a t 4" was determined by hydrolysis with 2 N-HC~ or 2 N-NaOH solutions for 3 hr at 100" and by examination of hydrolysates by paper chromatography as described in detail by Armstrong et al. (1958) and Archibald et al. (1961) . Sugars and amino sugars were separated in aqueous propan-2-01 (Smith, 1960) and in a mixture of pyridine + ethyl acetate + acetic acid +water (Fischer & Nebel, 1956 ).
Serological methods Preparation of antisera.
Cultures for immunization were grown for 18 hr in 40 ml. of MRS broth (de Man, Rogosa & Sharpe, 1960 ) from which the meat extract had been omitted as being a substance likely to be adsorbed on to the organisms to be inoculated and to lead to the formation of antibodies against its components (Sharpe, 1955 a) . Temperatures of incubation and procedures for the preparation of antisera were those described by Sharpe (1955 b). After the addition of thiomersalate (0-01 yo) antisera were stored in 2.0 ml. portions a t -Zoo, apart from small samples for current work, which were kept at 4O. Antiserum for group A was prepared against Lactobacillus jugurti NCIB 2889, for group D against L. plantarum NIRD A 164, and for group E against L . lactis NCIB 7278.
Preparation of eztracts.
Organisms for extraction were grown for 48 hr in 40 ml. of MRS broth from which the yeast extract had been omitted to prevent a nonspecific precipitin reaction with antibodies formed against it when preparing the group antisera. The extracts were prepared as described by Sharpe (1955 Teichoic acid solutions. Concentrations of 1.0, 0.1 and 0.01 mg./ml. were used for the precipitin tests and 0.1 mg./ml. for the gel-diffusion tests. They were examined by these precipitin methods and their reactions compared with those of antigens which had been extracted by using HCl. Samples from the same and additional strains belonging to the different serological groups of lactobacilli were compared.
RESULTS
Intracellular glycerol teichoic acid in the cytoplasmic-gel fraction of lactobacilli in groups D and E sedimented at 100,000 g, but with the species in group A (Lactobacillus helveticus, L. jugurti) the teichoic acid was not isolated by ultracentrifugation, but remained in the residual cell cytoplasm. The composition of teichoic acids extracted from walls and cell cytoplasm is given in (group D) contained a ribitol teichoic acid with mono-and di-glucosyl units. Strains of the different species in group E all possessed a chemically similar glycerol wall teichoic acid with glucosyl residues, whereas glycerol wall teichoic acid of the species in group A contained no sugar moieties. Ring precipitin tests. Table 2 shows that the wall teichoic acid of Lactobacillus plantarum 7220 reacted with the antiserum for group D (prepared against a different strain, NIRD A 164) and that wall teichoic acids of the three strains in group E all reacted with the group E antiserum; but wall teichoic acids of the two strains in group A did not react with the specific group A antiserum. Cross-reactions with other group antisera were not observed, except for a weak cross-reaction between the teichoic acid from L. bulgaricus B Q and group D antiserum. Specific reactions occurred with concentrations of 0*1-0-01 mg./ml. teichoic acid.
With the intracellular teichoic acid preparations, material from both the strains Table 3 ; reactions were specific in that teichoic acids from groups A, D and E showed no reactivity with antiserum for groups By C, F, or G, and all sera were negative when examined with a chemically similar teichoic acid from walls of Staphylococcus epidermidis.
DISCUSSION
Knowledge of the serological composition of lactobacilli enables their division in broad groups (Sharpe, 19553; Sharpe & Wheater, 1957; Rogosa & Sharpe, 1959) . Satisfactory grouping sera are not, however, available for all species of lactobacilli and certain widely divergent species such as Lactobacillus lactis, L. bulgaricus on the one hand and L. brevis and L. buchneri on the other share the group E antigen. More detailed investigation of the chemical composition of teichoic acids in the walls of some species of lactobacilli (Baddiley & Davison, 1961) has shown that walls of the homofermentative species, L. lactis and L. bulgaricus, and the heterofermentative species, L. brevis and L . buchneri, of group E have a chemically similar glycerol teichoic acid containing glucosyl residues. Moreover, the gel-diffusion reaction of identity of teichoic acid from these strains and group-specific material extracted with hydrochloric acid (Sharpe, 19553) from whole organisms of these and additional strains in group E clearly indicates that the wall teichoic acid is the group E precipitinogen.
Similarly, ribitol teichoic acid from the single group D species Lactobacillus plantarum is the group substance. Teichoic acid from L. plantarum NCIB 7220 is structurally similar to that previously isolated from the walls of strain 17-5 by Archibald et al. (1961) . Walls of this latter strain, however, contain a polysaccharide which was not found in strain 7220, and therefore presumably could be a typespecific component. Investigation of other strains in group D is in progress. Some cross-reactions occurred between wall teichoic acid preparations from group E and antiserum for group D. Cross-reactions have previously been observed between group E antiserum and HCI extracts of organisms in group D, and between group D antiserum and HC1 extracts of organisms in group E. The possibility that in these cases cross-reactions may be due to the intracellular teichoic acids is under investigation.
By contrast, the group A precipitinogen is the intracellular glycerol teichoic acid and not the wall teichoic acid. Intracellular teichoic acid from the group A species Lactobacillus helveticus and L. jugurti was atypical in its behaviour during isolation : it was not sedimented by centrifugation a t 100,000 g as is the case with all other intracellular teichoic acids investigated (Davison & Baddiley, 1963 ; RajBhandary & Baddiley, 1963; Wicken, Elliott & Baddiley, 1963; Critchley et al. 1962 ). The term 'intracellular' is used to indicate that these teichoic acids are not in the wall but are isolated from the cell contents fraction of disrupted organisms. In a t least two cases these compounds are believed to be located between the wall and the protoplast membrane (Hay, Wicken & Baddiley, 1963) .
The absence of serological reactivity and the low sugar content of glycerol teichoic acid from walls of lactobacilli in group A indicate that appreciable amounts of sugar must be attached to a teichoic acid in order to confer immunological activity; moreover, with Lactobacillus spp. specificity must be partly dependent on glycosidic configuration, since a chemically similar glycerol teichoic acid possessing glucosyl residues from the walls of Staphylococcus epidermidis gave no reaction with group E or any other group antisera. Lactobacilli in groups By C, F and G contain no wall teichoic acid and, whereas the group B and C precipitinogens are serologically distinct polysaccharides (Knox, 1963) , preliminary evidence suggests that in group F intracellular teichoic acid could be the group-specific substance. It seems unlikely that purified teichoic acids would themselves engender an immunological response in vivo. They probably behave rather as haptenes and therefore are in that respect similar to the group-specific polysaccharides of streptococci of groups A and C.
The serological, and possibly chemical, identity of teichoic acid preparations from the walls of lactobacilli in group E supports the suggestion (Davis, 1936) that the biochemically dissimilar members of the group may have had a common origin, and the differentiation of homofermentative and heterofermentative species into separate genera might be misleading (Rogosa et al. 1953) . Thus, knowledge of the structure of wall and intracellular teichoic acids provides a useful method for the classification of these organisms and may assist in establishing relationships of groups which are not yet fully understood.
